Abstract. The objective of this article is to develop a main index that is capable of determining a state's fragility and simultaneously measuring the impact of climate change. Six indexes are defined including a dummy one, which are Political Conditions, Economic Conditions, Social Conditions, Demographic Factor, Public Security and State Unrest (dummy). Five non-dummy indexes are involved four sub-indexes respectively. The sum of these six indexes is reported as State Stability Index (SSI). Entropy method and group decision making serve as weighting models to determine weights of sub-indexes and indexes respectively. A state's fragility is determined by State Fragility Index (SFI), which is the reciprocal of SSI. Five non-dummy indexes and SFI have their standards obtained by K-means, in order to determine whether a state is fragile, vulnerable or stable.
Introduction
There exists some methodology or models to determine a state's fragility, for instance, the well-known Fragile State Index [1] , fuzzy method [2] , empirical strategy of Graziella Bertocchi and Andrea Guerzoni [3] and so on. In this paper, we shall define State Fragility Index (SFI), determining fragility of states by AHP (Analytic Hierarchy Process) based on entropy method and group decision making.
We define 20 sub-indexes to construct 5 indexes (1 index is related to 4 sub-indexes), Political Conditions (PC), Economic Conditions (EC), Social Conditions (SC), Demographic Factor (DF) and Public Security (PS). A dummy index State Unrest (SU) is also considered. Then State Stable Index (SSI) is defined based on the six indexes. SFI takes its value as 1/SST. The weights of 20 sub-indexes are determined by the entropy method objectively. The weights of five indexes are determined by group decision making, which consists of four experts. We consider Malaysia as a case, evaluating its state fragility and determine the way and extent that climate change may impact on them based our model. Then a specific time series analysis of Malaysia shown that in 2000, Malaysia converts fragility into vulnerability. And it stays in the band of vulnerability since 2000.
Finally we shall consider the modification of our model, enhancing its applicability. Evaluation of our model is also given, inclusion strength, weakness and sensitivity analysis.
The rest of the paper is organized as follows. In Section 2, we shall define the model and give some theoretical results. Case study of Malaysia is given in Section 3. The modification of the model and future work can found in Section 4.
Methodology
In this section, we shall consider the whole methodology. The index system is constructed firstly, consisting of 5 indexes and 18 sub-indexes. The weights of sub-indexes are determined by the entropy method (for some other applications, see [4, 5, 6] ), while the weights of indexes are determined by group decision making. Hence we built the evaluation for state fragility. The measurement of climate change impact on state fragility and identification of its means and fragility of a state shall be completed by K-means.
Index System
We define State Fragility Index (SFI) to measure state fragility. To construct SFI, we first consider State Stability Index (SSI) and then SFI = 1/SSI. More details are shown in a moment. Six indexes are defined to evaluate SSI, which are Political Conditions (PC), Economic Conditions (EC), Social Conditions (SC), Demographic Factor (Population conditions, denoted as DF), Public Security (PS) and a dummy index State Unrest (SU). SU shall involve some unpredictable factors, such as war, nationwide strike and so on. SU takes its value in {0,1}, it takes value 0 when the state is in unrest or it shall take 0 (remember we are considering SST!). The evaluation result, the fragility of a state, is expressed as State Fragility Index (SFI). There also exists 20 sub-indexes determining the 5 indexes, which are shown in Table 1 . 
Weight Determination Based on Entropy Method and Group Decision Making

Weight Determination Based on Entropy Method
We first consider the weights of 20 sub-indexes belonging to 5 indexes. Let X be the e fuzzy evaluation matrix (see [7] ) with element 
Weighting Model Based on Group Decision Making
Hence we have determined the weights of sub-indexes to their corresponding index, we shall consider the weights of five indexes by group decision making, which is a particular application of AHP [8] . The expert group consists of four experts who give a pairwise comparison matrix independently like � = �� �� �, = 1, , ,6, = 1, , ,6. Each matrix shall pass consistency check, which is stated as follows.
where λ is the largest eigenvector of the pairwise comparison matrix and n=4 here. The matrix passes consistency check if CR < 0:1. Values of RI can be found in Table 2 [8]. The normalized corresponding eigenvector of λ gives the weights of indexes. Here we have four eigenvalues and four normalized corresponding eigenvector. . (8) and we denote the result as W * .
State Fragility Index
State Fragility Index (SFI) shall be constructed as follows:
1. Determination of weights of the six indexes. For each expert, we obtain a pairwise comparison matrix, which is scored by the importance among these indexes and experts' experiences as follows: 
Identification of State Fragility by K-means
We use K-means to partition some states into 3 part as to index respectively, i.e., we use it five times. Thus we obtain five pairs of critical values, which are shown in Figure 3 . Because of data miss, we cluster different number of states as to different index. 
Measurement of Climate Change's Impact and Identification of Its Means
We shall construct Climate Evaluation Index to evaluate climate conditions. Then we consider how climate change impacts fragility of a state. Climate Evaluation Index (CEI) consists of CEPC (CO 2 emissions per capita) , DFET (Droughts, floods, extreme temperatures (% of population)), LABF (Land area where elevation is below 5 meters (% of total land area)), FRLD (Forest area (% of land area)) and ARAR (Arable land (% of land area)), involving natural disasters, shrinking glaciers, ocean acidification, desertification, bio-diversity loss, greenhouse effect, resource shortage, etc (See Figure  4) . The weights of these five indexes are determined by the entropy method mentioned above.
Climate Evaluation Index
Climate Change's Impact on State Fragility
Regression analysis helps one understand the relations between a single index in State Fragility Index and a single index in Climate Evaluation Index. We shall focus on the relations among them using regression analysis 25 times (5 indexes in SFI × 5 indexes in CEI). Some of them are significant linear (p-value<0.1), which we shall discuss now, and the others are not significant linear. By regression analysis, we find that there exist 14 pairs of indexes with significant linear relations, they are (9)
Explicit Expression of Climate Change's Impact on State Fragility
We derive the explicit expression of the climate change's impact on state fragility. When CEI increases 1%, its involving five indexes would also increase 1%. By the system of equations (9) We now consider time series of SFI on Malaysia ranging from 1960 to 2016, see Figure 4 . The tipping points, i.e. the standards mentioned above, are also shown in the plot. We find that in 2000, Malaysia converts fragility into vulnerability. And it stays in the band of vulnerability since 2000.
Time Series Analysis on Malaysia and the Tipping Point
Modification and Future Work: A More General Model
Will our model work on smaller states (such as cities) or larger states (such as continents)? It's hard to answer this question only by our model. We shall compare our model with works of others, such as the well-known Fragile State Index (FSI) produced by the Fund of Peace [1] . We shall pick up two states from our model, Haiti and India. Haiti shall be deemed as a smaller case, whose total area is 27,750 km 2 , almost equal to the sum of Beijing and Tianjin (two Chinese cities). And India, the 7th largest state in the world, shall be deemed as a larger case. In our SFI, India is ranked 5th out of 75 states, while it is ranked 72nd out of 178 states in FSI. And Haiti is ranked 33rd out of 75 state in our SFI, but it is ranked 11th out of 178 states. Both states illustrate that our model may not work on smaller or larger states, let along cities or continents.
Hence we shall modify our model. Collecting more data may be a method. Due to the data scarcity, we ranked only 75 states by our model. Results may be better when we obtain full data of different index and different states. Another method is to introduce a coefficient into our model based on the "scale" of state. The value of SFI shall multiply by a certain coefficient to adjust the results. The definition of the coefficient shall be a future work.
